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1.1 (this is a temporary heading used as a placeholder to satisfy the automatic 
cross referencing of figures, equations, and section headings - remove 
before flight) 

1.1.1.1 UE AGC 
1.1.1.1.1 Introduction 

This section provides a description of the steady state TDD UE AGC algorithm proposed for LI implementation. 



1.1.1.1.2 High Level Description 

The UE AGE design presented in this document uses fixed-point settings derived from the basic assumption that the 
ADC word size is 8 bits (7 magnitude, 1 sign bit). 



• The cell search process has completed successfully and the slot timing has been acquired. 

• The cell search AGC provides an initial value. 

• The total gain of the RF chain has been applied to the received signal and is reflected in the values of 
the signal at the input of the digital controlled gain block. 

• The RF chain is designed to provide a specified signal level at the ADC input, for unity gain setting. 
The steady state UE AGC algorithm is slot based. For each time slot, the following three steps are taken. 

1. Initialize the digital controlled gain before each slot arrives. This step is called the Initialization 
Process. 

2. Adjust the digital controlled gain, for a specified number of iterations, so that the power at the output 
of ADC is close to a reference power level. This step is thethe AGC on period. 

3. After the closed-loop process, the loop is opened. The gain computed at the end of the closed-loop 
process is then used for the rest of the time slot. This step is thsAGC off period. 



1.1.1.1.2.1 Top-Level Block Diaj 

A b p level bl vK dia <rjm of the \C i is shov i in j-ijuro SI" r - 
Loup block in this diagram. The Salurain 
Nock is iiv>! ixiri of AGC but is included 
AGC \v. nc sforth refers to ir e original fi 
referred to as 



AGC from TVP i 
|re : ni 



-li >wn as the AGC 
iCFilter 




Figure 1.1.3 Top-level block diagram of AGC 
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1.1.1.1.3 AGC Algorithm Description 

I tit t 1 d ..i f the enhanced A n procc sho 1 in Figure 1.1.^ in addition to the closed loop-processing 
it Irate the manner in which the saturation detection function provides idditional powei orrection into the 
lo pfc them reextreme ase of gnal aturation It also illustrates thi conditit i undei *rh hthel ase function 
i ctivated fo i i bl b he condi is satisfied wh *t itui i ount exc< is the i hold 1 « 
> n tialization o; re ind ted that i oys the fii ilculated i >m-tl evious fran t 
urrent i , t * ei ^ t 3 oi n t > s a id Jn- > f ei ch i e a msl it nf ilJ -slot > r <! 
tim Onceth ' f r i i st - ite, the accumula bl 1 t. < es inputs, once pei tei it i m n f 1 % > 
Comparator block only. 

Figure i ' i i 1 > .depicts the position; ntl 3ata flow of the bit selector (lo\ middle, oriug] ix bits) i the 
equalization function. 

Each of th ^function s di in detail belo\ 




Figure 1.1.4. Block Diagram of AGC 

1.1.1.1.3.1 AGC Slot Processing 

The flow chart for AGC processing during a slot is shown in Figure 1.1.6. 
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I 




Figure 1 .1 .6. Flow chart for AGC slot processing 



From the above figures we see that, in any given active slot of a frame, the following operations occur over the time 
slot: 

First, initialize the accumulator and the digital controlled gain setting, For the current gain setting, the ADC samples 
the received signal at 5x sampling rate (i.e. 5 times the chip rate). The quantized samples y q „ (for the I and Q 
channels) are fed to the power estimation block, which estimates' the power at the ADC output, using a number of 
N 5amp samples. Provisions should be made to allow the power estimation block to skip the first N sk j P samples 
immediately following the update of the gain. This is to prevent transients due to gain setting latency from impacting 
the power estimation. The estimated power is compared to the desired reference level, using a log comparator 
(power comparator). The error signal at the output of the comparator is accumulated into the accumulator, block. The 
output of the accumulator is used to drive a lookup table (LUT) Which provides the control word for the digitally 
controlled gain for the next iteration. After a few iterations, the control word is frozen and kept in a buffer for the 
same time slot in the next frame. The digitally controlled gain is set using this control word for the rest of time slot. 
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1.1.1.1.3.2 Inputs 

1.1.1.1.3.2.1 Data 

• sampln = analog baseband signals (continuous time) for the I and Q channels 

1.1.1.1.3.2.2 Control 

• Slot timing information - this is needed to ensure the following: 

• Correct initialization of the accumulator bank and digital controlled gain setting at the beginning of 
the slot 

• Correct alignment of the power measurement block at slot boundaries 

• ADC sampling clock signal - this is needed to provide the desired sampling rate of 5x, i.e. 5 x 3.84 
MHz = 19.2 MHz. 

1.1.1.1.3.3 Outputs 

1.1.1.1.3.3.1 Data 

o digital s< mple foi the I Q c lannels mj led at2x'andq an ize to6 >i s 

1.1.1.1.3.3.2 Control 

• None 

1.1.1.1.3.4 Frequency of Operation 
The AGC operates each active Rx slot. 

1.1.1.1.3.5 Parameters 

The AGC can be configured with the parameters described in Table 1.1.1 below. 
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Table 1.1.1. Configurable parameters for AGG 



Parameter 


Identifier 


Unit 


Default 


Min 


Max 


LSB 


Notes 


Reference 
level 


Pref 


dB 


24 


21 


33 


1 


Note 1 


Number of 
loop iterations 


numlter 


integer 


3 


2 


4 


1 


Note 3 


Power 
Estimation 
Wait Time 


N skip 


Chips 


14 


0 


16 


1 


Note 2 






Samples 


70 


0 


80 


5x#of chips 




Number of 
samples used 
in the power 
estimation 
block 


N c hip S 


Chips 


16 


OS:] 


[64] 


1 


Note 3 




N ram p 


samples 


80 


[40] 


1 320] 


5x# of chips 




Initial Gain 


,1 


dB 


0 


-75 


0 


i 


Used only 
for age ihit 
option'! 

Note 4 


AGC 

initialization 
gain offset 


A 


dB 


-15 


-40 


1 


a 


Used only 
for age init 
option 2 


Eraser 
ffireshold 


1 


integer 


0 


0 


[ 400] 


0.0625 




adiusment 


1 


gain 


It 


M 


m 






Bit selection 


Bit-elect 


integer 


i 


1 


3 






San,,,- 
compensation 


Sateomp_enable 


integer 


1 


s 


1 


m 


1 -enable 
0=disable 


EQ enable 


EQ_enable 


integer 


| 


1 


1 


NA 


0 disal lj 


DC offset 
i r ipei s'ati n 
enable 




integer 


| 


l 


§ 


NA 


j =en ible 
0=disable 




Eraser_enable 




i 


9. 




it 


■l=enable 
O^disable 


InitSeleCt 


Initjselei! 






U 




NA 


0=bption I 



Notes 

1 . The reference level P rof is calculated by requiring output data for I or Q channel to satisfy 
P( -2 5 < Y < 2 5 ) = []% (on the order of 95 to 99%) 
and assuming the input data on I and Q are independent Gaussian variables. 
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2. The power estimation block should be configured to skip the first N skip chips immediately following 
the update of the gain. This is to prevent transients due to gain setting latency from impacting the 
power estimation. The maximum value for N ski p shall not exceed the gain setting delay that is hardware 
dependent. 

3. The value for the "Number of samples used in the power estimation block" does not include the 
number of samples to skip prior to power estimation. In addition, the values of number of loop 
iterations presented in Table 1.1.1 assume that the power estimation is performed for 16 chips. The 
number of loop iterations may be increased if the power estimation block uses less than 16 chips for 
power measurement. For example, if the power estimation block uses 8 chips for power measurement, 
then the number of loop iterations may be increased to 6. 

4. The number shown in this row is the gain value above the minimum gain, Gj n;r G m j n . It is selected 
based on the criterion that if the power of the input signal is at its maximum value, this gain will not 
saturate the ADC. 

1.1.1.1.3.6 Performance Requirements 

• Convergence: the AGC Loop must converge in [3*30] chips or less. (TVP values subject to change.) 

• Error Margin: The error margin for the AGC Loop convergence can be estimated as follows. If the 
ADC size is 8 bits (i.e. 1 sign bit and 7 magnitude bits) and the desired power level at the ADC input 
corresponds to 4 magnitude bits, then there is a margin of 3 magnitude bits, that is 3 x 6 dB = 18 dB 
margin. Allowing 9 dB of headroom for signal peak to average ratio or channel variation, it follows that 
the bias and the standard deviation of the gain setting must satisfy the following relation: 

bias + 2-std<9dB 



1.1.1,1,4 Detailed Description 

This section describes each of the AGC blocks. 

1.1.1.1.4.1 Initialization 

The flowchart for the initialization process before each active slot arrives is shown in Figure 1. 1.7. 




Figure 1 .1 .7. Flowchart for initialization 
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Note that in the left branch of the initialization flow chart, the implementation of the AGC initialization process 
should allow selecting one of two initialization options. The two initialization options are: 

Option 1 : Using the accumulated error at the end of the closed-loop process of this slot in the previous frame, plus 
ii >{ e l dei )ted A i Jj> < I in i \ i t i 1 [-20] dB in 1 dB ; md it is stor n persistent mem 
i FLASH At M (v !■ fixed -i 1 figuration paramete The range specified is consistent with the input exponential 
shown in Figure 1.1.4, which expect a value in dB. 

< '[ior fl n .pi' setiniti oi tant v lu den > f d t ■ ^b 1 ht i i T f ! i i i ' < i Mo 1-75] dB in 1 dB step 
md i tored n p< tei mo ( 2 ii \.SI P s a fixed configui i paramete in nr pecified 
consistent with the input exponential shown in Figure 1.1.4, which expect a value in dB. 

The initialization option 1 versus option 2 is controlled via the configuration parameter Init_select. 

1.1.1.1.4.2 Digitally Controlled Gain 

The gain range is 0 to 75 dB, with steps of 1 dB. Therefore, the signal gain can be expressed as 1Q W,2 ° , where w is 
the control word. 

1.1.1.1.4.3 ADC 

The recommended ADC word size is 8 bits, 2's complement representation. 

1.1.1.1.4.4 Power Estimation Block 

1.1.1.1.4.4.1 Inputs 

)V = Quantized complex samples (i.e. I and Q channels) at the ADC output, sampled at 5x 

1.1.1.1.4.4.2 Outputs 

P,. s , = estimated power, calculated as: 



where: N^p is the number of samples used for power estimation (see Table 1.1. 1), default value N^p = 80. 

Note that the P est is the power estimate at the ADC output, so if the ADC is saturated, then P^ does not estimate 
correctly the power at the ADC input. 

1.1.1.1.4.4.3 Fixed point settings 

This section presents the fixed-point settings for the power estimation block. 




(1.1.1.1.1) 
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Table 1.1.3. Fixed point settings for the power estimation block 





Word Size WS 
(bits) 


Number of 
Fractional 
Bits 


yon 


8 


0 


\y qn \ 2 


17 


0 


accumulator 


24 (see note) 


0 


Pes, 


24 


0 



Note 

The implementation of the AGC Loop runs at 5x sampling rate, N samp = 80 add operations are needed. This means 
that the accumulator size must be 17 + log 2 (80) = 17 + 6.32 = 24 bits to prevent overflows. 

Alternately, to alleviate the need for scaling with the J/^ factor, the power estimation block may calculate 
P x = 1 3^ | , in which case the input of the power comparator block needs to be scaled accordingly: 

1 . 1 . 1 . 1 .4.5 Power Comparator Block 

This block is used during the closed-loop process, as well as at the end of open loop process. 

1.1.1.1.4.5.1 Inputs 

• Pfest = power estimate (see Section 1.1.1.1.4.4) 

• Pre f = reference power. The value of the reference power needs to be calculated such that the AGC 
Loop provides an average power level at the input of the ADC that corresponds to 4 magnitude bits. 

1.1.1.1.4.5.2 Outputs 

• pwrErr = error signal measuring the power setting error. It is calculated as follows: 

pwrErr = 10 • Iog 10 j (i .1.1.1.2) 

1.1. 1.1.4.6 Po wer Error Calculation 

This block is used during the closed-loop process, as well as at the end of open loop process. It adjusts the power 
error pwrErr by an amount P corr which depends on the saturation level. 

1.1.1.1.4.6.1 Inputs 

• P C0II = power correction from Saturation LUT 

• pwrErr = see section 1 . 1 . 1 . 1 .4.5 .2. 
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1.1.1.1.4.6.2 Outputs 

• P err = error signal which includes saturation level adjustment. It is calculated as follows: 

P err =pwrErr-P corr 

1 . 1 . 1 . 1 .4.7 Error Signal Accumulator 

The operation of the AGC Loop requires storage of the accumulator values at the end of each slot. A memory area 
of 15 words is therefore required. This block is used during the closed-loop process, as well as at the end of open 
loop process. 

1.1.1.1.4.7.1 Input 

• Perr = error signal— see section 1.1.1.1.4.6.2. 

1.1.1.1.4.7.2 Output 

• accPwrErr = accumulated error signal. 

1.1. 1.1. 4.8 Lookup Table (LOT) 

1.1.1.1.4.8.1 Operation 

The LUT shall be designed to provide the gain control word that corresponds to the desired gain settings in steps of 
1 dB for a total range of 0 to 75 dB , as per the current IDC RF design. 

1.1.1.1.4.8.2 Input 

• accPwrErr = accumulated error signal from the accumulator output 

1.1.1.1.4.8.3 Output 

• w = gain control word to achieve the desired gain setting 



1.1.1.1 .4.9 Saturation Detect 

In order to compensate for under-valued power estimates due to large si iration c un .theSaturat m Detect 
algorithm is introduced. Il consists oftwo parts 

• Saturated Sample Counter 

• Positive and negative saturation comparators 
1.1.1.1.4.9.1 Operation 

ituration.Del started ounting the numl r-.of imptes output ft n the igned 8-bit ADC that:ha\ /all 
12S or +127. The count is performed every Nsamp period t._.l!ov.m_' .m Nskip period and it is reset each iteration. 
The ratio of saturated samples to. the number of samples in an Nsamp period is used to form the estimate of the 
aim 'imt i-t -at.ur.:tion. It cither the I or i,l parts of a sjiven input value is -12$ or -127, the saturation counter is 
incremented. The resulting count at the end of an Nsam P period is used a, an input to the Saturation Lookup Table. 
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4- 



r.v i-. TV' r ..i . v.. jo ,\v 

register lor thai TS. Tt 
Irom cither option 1 or option 2 delined by the init 



Initial AGC gain value applied NsMp chips before start of time 
Start ol tirreslot. First AGC Power calculation begins. Bun 



Compute Poo. Poon. Par, & apply to Actum. First updated 
AGC gain value is ready and is sent to the radio interlace. 
First skip period begins. 



First skip period ends. S 



nd AGC Power calculation begins. 



Compute Pto. Pa»r. Pm, & apply to Accum Third updated AGC 
gain value to radio controller. AGC accumulator is stored in the 
register bank at the location (or this TS. p . 




Figure 8: Timeline illustrating the sampling gaps for each iteration 
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1.1.1.1.4:9,2 Input 

• y q „ from the ADC 

1. J. 1.1.4.9.3 Output 

• - i nt of the"i h s ' i i. a 1 1 ,i L u 1 v»mi i ] \^ i j J 
1 1 1 1 4 10 Saturation Look Up ' bk 



1. 1. 1. 1.4. JO. : Operation 

Based oi e numl sample at wer itui -4 during an 1 imj eriod, a power correction lue (P n > 
isoutp it from the lookup table, fhis value is an estimate of and is, proportional to the imountoi saturation that has 
occurred This v c ie i subtracted from th output of the F wer Comparator Block, as si wn Figure 1 1 4 The 
power c ect i ie » r < on the same set of samples > , t t power estimate! making the paii 
' 1, W '[ ii/ P c ust the 1 1 e est nates ire in o u thr . f< m th ; alloi foi m lei w< d ize ft! 
c i f <=nr f th atui itnn t 10k Up Table 



'o in ii i "i i ay-be bypassed if it lotne ;sai Whether it byp i r i 1 mfi 
onfiguration p r > 5 1 imp en I ij.n|in fi,n ,n r) FLASH ROM). When it is b i c f 
< > tp K + th ; S tin i n Lookup Tabl s forced, to zei 

ion of the it rati >n ounter The 
to IMsamp, which r; ng< s from a minimum 




1.1.1.1.4.10.2 Input 
• x, from 

1.1.1.1.4.10.3 Output 



1.1.1.1.4.11 Short FIFO mdE 



1.1.1.1.4.11.1 Operation 

The decision to erase data sampk 
exceeds the samples 
Short FIFO is 
saturated s; 
vhi i isth 
is 128). 

fhe Erase fin < iiu' may r> 
delay, bv bypassina the Short FIFO. Whet 
Erase_enable. stored in f " •' 




i minimal imo int of 
n parameter. 
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1.1.1.1.4.11.2 Input 

• y qi . from the ADC 

i Li 1.4.1 1.3 Output 

» To RRC Filter 



1. 1.1. 1.4.12 Gain i id Bit el i i 
1.1.1.1.4.12.1 Operation 

r lv gain y is used to finely adjust the level oi the signal before the Bit Select r rhe n ngc fon s 0.5 to 1, in : tep 
ofO.062 The gain is applied to the I and • iths. The parameter y is stored in persistent memoi (e.g. FLASH 
ROM) as a fixed configu ation parameter 

The bi lect ele 6 out of th bi 1 if on is based on t p aeter Bit ect he ra tselecl 
s r , p 1 I > heie 1 re rest ,i he actio hat the uppermost si\ bits are t< b selected, a 2 rep se i< f 

upp niddlc il hop nts the lo\> . t espectivel The.parai jrBitse > f r i , p it 
nemoi FLASH ROM) as a fi I < nfig tion pai te 

i upper most 6 bits are to b lected, then no additional f essing is required. If t lppei mv lie o \ i 
middle 6 bits are s ected,-th ioverflo\ protectioi i ust be performed This is tone f( an; ncomin^ imp! th t 
fa] ut k he-ran e that can be expi s ed b fn h< en 5 bits e ;> j n in,] 1 va i an *< - el o th 

orrespondingmaximui po tiyefe.g. OxlF) or negative value (e.g. 0x0 that can be expn sed in 6-bit two's 

1.1. '1. 1.4.12.2 Input 

• From RRC filter 

1.1.1.1.4.12.3 Output 

To Group Delay EQ 



1.1 1.1.4 



■4:1-0 Group 



1.1.1.1.4.13.1 Operation 




illv by the 
circuitry. 



The Group Delay EQ may be bypassed if it is not nece ;ary In bypass mode it hall ntro< 
delay. Whether it is bypassed of not is based on the configundon p.irametei . EQ_enabIe, 
memory (e.g. FLASH ROM). The Group Delay EQ coefficients are stored in persistent m 




mt of 



1.1.1.1.4 13.2 Input 

• From Bit Selector 
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L. 1.1.1.4.13.3 Output 

• To DC Offset Estimator and Canceller 

1.1.1.1.4.14 DC Offset Estimator and Canceller 
1.1.1.1.4.14.1 Operation 

After skipping ove the first m mples, the DC Offset Esti mat r sum up the n sample val es and divide their 
b * n, where n is the number of samples that were summed Phis i he DC Offset Estimat< vhich i then 
s bti ed fi 1 1 v titpi t < me TimesIotFIFO (which i 1 i \ as the RX Sample Buffer in LI implem r 




i i DC Off j in-i r may be bypasseddf it is ( i e sar\ in ( yp s S - , <j jt n !! )du i m ni nal i i 
f deh W ther it is bypassed or not is based on tl i >iti > t on pai imeter, DCoffset_e ble tored ii 
persistent memory (e.g. FLASH ROM). 

1.1.1.1.4.14.2 input 

. From Group Delay EQ 

l.l;1.1.4"L4;3, Output 

♦ agcSampOut 



1.1.1.1.5 Open Issues 

• None at this time 
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